Introduction
Assessment of perioperative risk is possible using a number of risk models. Stratification of patients into risk groups generally correlates very well with immediate survival. High-risk subgroups have often been studied and institutions including ours w1x have reported on achievable outcomes in these patients. Low-risk patients have not been studied. We know that low-risk patients have a low mortality, but no operation is free of risk and there are occasional deaths in the lowest risk subgroup. In the absence of any identifiable risk factors of any kind, the mortality of coronary artery bypass grafting (CABG) is 0.4% and that of single valve surgery around 1% w2x. When death does happen in low-risk patients, we can postulate that the cause is likely to be one of the following three possibilities:
• an unavoidable and unpredictable event (pulmonary embolus, stroke etc.) • a patient who truly is high risk but whose risk factors are not adequately represented by the risk model used • failure in achieving a satisfactory cardiac outcome (FIASCO)
We know very little about the mechanism or the sequence of events leading to low-risk death and we have no idea whether any such deaths are preventable, and if so, what proportion can be prevented. This study aims to determine the mortality rate in our low-risk patients and to examine the cause of death. We sought to determine if death was an unforeseen catastrophe, or occurred in a high-risk patient who was not recognized as such by the risk model, or resulted from technical or system errors and thus was potentially preventable.
Patients and methods
All cardiac surgical patients at Papworth Hospital are prospectively risk-stratified using Parsonnet, the additive EuroSCORE and the logistic EuroSCORE by the anaesthetist in charge of the case. Data on risk, operation details and outcomes are recorded contemporaneously in a computer database. Patients with a logistic EuroSCORE 0-2 who died in hospital after cardiac surgery were identified from the database and their case notes were obtained for review. The cases were assessed internally by two surgeons and by an independent external reviewer with considerable experience in reviewing cases for the National Confidential Enquiry into Postoperative Deaths (NCEPOD), a central organisation which has studied postoperative deaths in the UK since 1988. Deaths were categorized as cardiac or noncardiac and further subclassified into three categories:
• not preventable • preventable (technical error) • preventable (system error) Downloaded from https://academic.oup.com/icvts/article-abstract/9/4/623/673532 by guest on 06 April 2019 
Results
Between 1996 and 2005, 4294 patients with a logistic EuroSCOREF2 were operated on at Papworth Hospital. There were 16 deaths in this cohort giving an actual mortality rate of 0.37%. All were true low-risk deaths and no patients in this group had preoperatively documented rare or obscure risk factors not recognized by EuroSCORE. Of the 16 deaths, 13 (81%) were considered to be cardiac. Nine of 16 deaths were considered unavoidable. There was complete agreement between internal and external reviewers on the cause and preventability of death. The results are summarized in Table 1 .
Of the unavoidable deaths, there were two strokes, two sudden deaths on the ward where no technical problem was identified at post-mortem, one aortic dissection (starting from the cross-clamp site) that presented on postoperative day 3, one instance of preoperative malignant arrhythmias that persisted postoperatively despite revascularization, anti-arrhythmic drugs and ICD placement, one instance of bronchopneumonia, one instance of preoperative right ventricular infarction and one late haemorrhage in a patient who had cystic medial necrosis of the aorta.
Of the seven deaths considered preventable, all had technical errors and three also had system errors. There were five perioperative myocardial infarcts (MI) identified at post-mortem. All grafts were patent and there was no evidence of preoperative MI, haemodynamic instability, ECG changes or chest pain preoperatively. We concluded that these were preventable deaths due to suboptimal myocardial protection (four patients had a single dose of 500 ml cold crystalloid cardioplegia with relatively long cross-clamp times (up to 55 min) and the 5th patient had intermittent cross-clamping with fibrillatory arrest). All five were classified as technical errors as myocardial preservation strategy forms part of the surgical technique. In addition, two of these also had system errors, one because the level of input by the consultant surgeon was unclear and the other because the patient was returned to theatre by another consultant and the degree of communication between the consultants was unclear. Another patient sustained an epicardial tear on cardiac retraction; this was repaired but the patient bled profusely after extubation and further repair was unsuccessful. This was classified as a technical error for obvious reasons, but we also classified it as a system error because the level of consultant input was unclear. The last patient had a VF arrest on arrival in the ITU and was returned to theatre, placed on CPB and could not be successfully separated from CPB. The postmortem examination revealed significant left ventricular hypertrophy. We concluded this death was preventable because myocardial protection consisted of a single dose of crystalloid cardioplegia with a 58-min cross-clamp time. Again, this was classified as a technical error because the myocardial preservation strategy was probably insufficient for the length of ischaemic time.
Comment
Quality control is an essential element in assuring optimal results in any process, whether in industry or in health care delivery. Medicine, particularly surgery, is no different. Mortality, while a crude outcome measure, is easy to track and quantify. Commonly, individual surgeon or institutional results are compared against actual rates that are derived from large retrospective analyses (registry data) or results are compared to predicted results that use any one of several risk scoring systems w3-6x. This practice is helpful in identifying outliers although the cause of excess risk may not be readily apparent. Examination of results of surgery on very high-risk patients is a popular practice, and many authors enjoy reporting excellent results (much better than predicted) with difficult and complex procedures. However, the results of low-risk patients undergoing straightforward operations have not been examined. For that reason, we chose to examine our results in this latter patient group to determine what the exact risk is, and try to identify areas that could be improved so that the risk could be even further minimized. We examined the actual mortality rate of patients with logistic EuroSCOREF2 receiving cardiac surgery at Papworth hospital and conclude that death is infrequent in this group (0.37%), however, over a third of deaths are potentially preventable. This suggests that further improvement in outcomes is possible through modification of individual technique or a change in the systematic delivery of cardiac surgical care or training. Defining a death as preventable is challenging, and for the purposes of this study, we relied on consensus opinion from individual experienced cardiac surgeons who were not directly involved in the cases in question.
Identifying myocardial preservation as a problem is an important finding because a change in practice would benefit all patients undergoing cardiac surgery in our hospital. It is interesting to note that no patient who received multi-dose cold blood cardioplegia appeared in this patient group. Myocardial preservation techniques have evolved substantially since the beginning of open heart surgery, with a range of techniques from intermittent cross-clamping to single dose or multi-dose cold crystalloid and blood cardioplegia w7x. Although there is no clearly superior strategy, the length of warm ischaemia directly correlates with clinical outcomes. We, and others w7-9x suggest that multi-dose cold blood cardioplegia is one of the safer strategies.
This study also highlights the potential problems associated with surgical training. Training of junior surgeons has previously been shown not to be associated with poor outcomes w10-12x. Independent operating is an important component of the training process; however, the degree of supervision varies between institutions and between consultant surgeons in the same institution. Where we found system errors related to the degree of supervision, they reflected a lack of clarity in the requirement for senior surgical input and in the identity of the surgeon who is ultimately responsible and must be kept informed.
With hospital mortality at 0.37%, these are excellent results in low-risk patients, but we have found that even here, there is some potential room for improvement. Our study highlights the importance of regular institutional review processes in identifying problems and correcting them as part of a continual quality improvement programme for patient outcomes. Perhaps, other institutions will also find that review of their own low-risk deaths will provide valuable information from which all patients may stand to benefit.
Limitations
This is a retrospective, observational study. We have implicated cardioplegia strategy as a causative factor in perioperative MI. We have come to this conclusion by a process of elimination and consensus. There may be other factors that could account for perioperative MI that we have not taken into account. We have also identified potential human factors leading to unsatisfactory outcomes, however, analysis of specific factors would have to be undertaken in tens of thousands of low-risk patients before firm conclusions could be drawn. The study period is relatively long (nine years), and cardiac surgical techniques have changed over this period, particularly with respect to myocardial protection strategies, intraoperative assessment of aortic pathology, etc. Further studies are ongoing to determine the impact of these techniques on outcomes.
